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Abstract 
To develop elementary school students’ spatial thinking and support classes on social studies, especially in geography 
field, the author developed flash-based puzzle video games of a map of Japan and examined the effectiveness of the 
application. In this study 28 students of fourth grade elementary school tried to play once a week for three weeks. At 
first only 20 percent of them could finish solving the puzzle within 5 minutes, but after 3 weeks, 80 percent of them 
could finish in 5 minutes in less. Furthermore, in a paper-based test students were asked to find prefectures on the 
map of Japan before and after these experiments and 70 percent of students had better scores at the post experiment 
test. Students acquired the skill to think identification of shapes, location and letters as spatial information through 
playing this map puzzle game. These results indicate that the game applications as digital education materials have 
effects on fostering elementary school students’ spatial thinking, widening their views and also supporting geography 
education. 
 
 
Keywords: Spatial thinking; digital educational materials; puzzle video game; computer application; geographic education; maps; 
1. Introduction 
In Japan all schools are equipped with computers, therefore many digital educational materials have 
been developed and many teachers introduce them into their classes. Such materials are designed to 
support the textbooks, therefore teachers can easily us them.  
Spatial thinking is a skill fundamental to problem solving in a variety of contexts [1]. It has been 
suggested by many that spatial thinking will become more and more important in society. Therefore, 
education for developing such skills will become very meaningful. But spatial thinking skills are needed 
in many fields, such as mathematics, natural science and geography, and it is hard to teach or train spatial 
thinking itself separately from the lesson contents in the curriculum. For these reasons, the digital 
education materials combining development of spatial thinking with lesson contents will be needed more. 
The purpose of this study is to develop a computer application to improve elementary school students’ 
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spatial thinking considering the educational curriculum and examine the effectiveness of the application 
for its purpose. 
2. Methods 
In this research, 28 fourth grade elementary school students tried a puzzle video game of the map of 
Japan with 47 pieces of prefectures for three weeks. Each time their scores and elapsed time were 
recorded. In addition, paper-based tests to find prefectures on a map of Japan and surveys in a 
questionnaire form were conducted before and after the digital experiments.  
The games are Flash-based puzzle video games of Japanese map developed by the author. Hence these 
applications run on almost all computers with a Web browser and a Flash plug-in.  
In the new national curriculum standard introduced in 2011, one of the new requirements in social 
studies for the third and fourth grade students is to remember all 47 prefectures in Japan. Another 
objective for fourth grade is to understand and recognize two-dimensional figures in mathematics. These 
requirements are expected to improve some elements of spatial thinking in students such as the concept of 
space and tools of its representation. 
For the experiment, two games were developed. One is the “Shape puzzle” which is just a puzzle game 
with 47 prefecture shaped pieces (hereinafter Game A). The other is the “Prefecture puzzle” that has also 
47 prefecture shaped pieces but player can see the name of each piece when it is clicked (hereinafter 
Game B). Both are simple puzzle games to find the appropriate place of each piece representing a 
prefecture on the map. These are very classical puzzles, but digitally designed for students to practice 
finding pieces of the same shape on the map, understand each prefecture’s shape and its position in Japan 
with its name allowing simple usability testing (Fig. 1) 
The experiments were conducted in November 2010. Students tried to play Game A and Game B once 
a week for three weeks. On the first day students played only Game A for practice, therefore they played 
Game A four times and Game B three times in total. Students tried to solve each game in 5 minutes, then 
scores and elapsed time for each game and impression for the games were recorded. These students are 
studying under the current national curriculum standard that does not include a unit on studying 
prefectures, so they have not yet had any classes on the locations and names of prefectures before the 
experiments. 
Fig. 1. Display image of the flash-based game application, the Prefecture Puzzle 
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3. Results 
At the first trial the average score of Game A was 31.9 out of 47 (67.8 percent) but at the last trial the 
score went up 43.9 out of 47 (93.4 percent). The average time of solving the puzzle in less than 5 minutes 
at the last trial was 6.5 percent faster than the first trial. For Game B, the average score changed from 41.0 
out of 47 (87.2 percent) to 46.3 out of 47 (98.6 percent), and the average score at the last trial was 10.9 
percent faster than the first trial. At the first trial, the number of students who completely solved Game B 
within 5 minutes was 50 percent, but at the last trial, more than 80 percent of students could solve the 
puzzle in 5 minutes (Fig. 2). 
Before the second trial of Game A and the first trial of Game B, students were given an examination to 
check their knowledge of prefecture names using the blank map of Japan for 10 minutes. Out of 47, the 
average score was 10.3, the highest score was 40 and the lowest score was 1. Two weeks later, after 
finishing all game practices, students took this 10-minute exam again. Again, out of 47, the average score 
was raised to 14.0, the highest score was 27 and the lowest score was 2. This demonstrates that 67.9 
percent of students improved their results. Among the students in this group, the average number of the 
correct answers jumped from 10.3 to 16.3. The student whose score raised most gained 20 points 
compared to the first examination. 
After a series of experiments, the author asked students their impression of these puzzle applications. 
64.3 percent of students answered that they enjoyed it very much and 28.6 percent answered that they 
enjoyed. 89.3 percent of them expressed that they would want to play such a puzzle game on their 
personal computers again. Also, the percentage of students who liked maps rose from 35.7 percent to 46.4 
percent, and the frequency of viewing maps was increased after the experiments. 
After playing these puzzles on the computer, many students noticed some changes in themselves. 53.6 
percent of them said they got to know each prefecture’s location in Japan, 46.4 percent of them got to 
know names of prefectures and got to find their own prefecture in Japan without any other landmarks on 
the map. 42.9 percent of them can picture the rough location on the map of Japan when they hear the 
name of a prefecture. Many students feel that they have the cognition of the whole Japan and place each 
prefecture on it. 
 
 
Fig. 2. Transition of average score and average time of Shape puzzle (Game A) and Prefecture puzzle (Game B) 
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4. Discussion  
First students played Game A and searched for the pieces with the same shapes without any labels on 
the map. One week later, after the second trial of Game A, students tried Game B for the first time. At 
that time students could solve Game A faster than the time taken to finish Game B. After that the number 
of students who solved all puzzles within 5 minutes increased and the amount of time required to finish 
the puzzle decreased. Although students tried these applications only for 5 minutes each time, once a 
week; they concentrated on playing these games and almost all of them were able to solve the puzzles 
only in three weeks, and more than half of the students said that they could imagine a location of each 
prefecture on the map, when they see or hear the name of the prefecture. From these results, it is possible 
to explain the process of understanding maps as follows; Firstly, students are able to find and recognize 
similar shapes in reference to the same shapes on the map. In the next step, they see each shape with a 
name, and then they realize that these names are not only related to the name but they also provide 
information of the location. In addition, they are able to recognize each prefecture’s relative absolute 
locations and their positional relations when they think of where they are or Japan as a whole. This 
indicates that the names of prefectures started to function as positional information for students. As a 
result, students can gain more reference points to identify pieces and these places on the map. Therefore, 
they can solve the puzzle faster and more precisely.  
During the experimental period, students became interested in maps. Some students started to read the 
atlas during breaks between classes. Furthermore, the teacher experienced in mathematic class that it took 
them half the expected course hours to teach students to calculate the area of different shapes such as 
triangles, rectangles and circles because the students could distinguish the differences in shapes. Normally 
many students in 4th grade could hardly recognize differences in shapes and therefore need much longer 
time to teach the unit. These findings also conclude that puzzle game application of a map of Japan 
motivates students to learn geography and develops their figure recognition and spatial thinking skills.  
5. Conclusion 
The study examined how effective puzzle video game applications are for developing elementary 
school students’ spatial thinking. Although students tried these applications only for 5 minutes each, once 
a week; they concentrated on playing these games and almost all of them were able to solve the puzzles 
only in three weeks and to picture the location of each prefecture when they see the name. Through 
playing these games students acquired concepts of space and spatial representation skills. 
More importantly, students enjoyed the games on PC and became interested in maps of their home 
country and the world. It can be concluded that the game applications such as digital education materials 
have a positive effect in fostering elementary school students’ spatial thinking, widening their views and 
supporting geography education. 
This time students tried two puzzle applications. Most students preferred the puzzle showing 
prefecture names and the percentage of students who finished the game in a shorter time is higher than the 
shape puzzle.  On the other hand, the result reveals that a certain number of students don’t like letters on 
the puzzle and prefer to find simply the same shapes. Some of them get confused when letters are 
attached to the shapes. To introduce such puzzle video games, children’s stage of development and 
existence of students who are not be able to think of letters, shapes and location at one time must be 
considered. The discussion on implementation methods of these applications in classes is also needed. 
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